Background: The authors introduced a rare case of intracranial malignant melanoma. Case presentation: A 32 year-old male patient presented to the hospital with signs and symptoms commonly seen in the presentation of a hemorrhagic stroke. The patient was diagnosed as having an Arteriovenous Malformation (AVM) after a thorough history, physical examination and radiographic imaging were performed and assessed. However, intraoperative findings and postoperative histopathology findings revealed that the supposed AVM was in fact a malignant melanoma, appearing as an AVM of the brain, on radiographic imaging. Conclusion: After reviewing related literature, our team realized that it was a rare finding for a melanoma pretending as a brain AVM.
Background
Malignant melanoma (MM) is one of the most common tumors that metastasize to the brain. It usually presents with mass effect or intracranial hemorrhage with single or multiple lesions. In this paper, we present an atypical case of MM with a clinical presentation much like that of an Arteriovenous Malformation (AVM), and discuss related literature regarding metastatic intracranial melanoma.
Case presentation
A 32-year-old Han Chinese man was admitted to the Neurology Department of our institution with the chief complaint of headache for 10 days. During the 3 days before admission, the patient experienced an increase in headache severity as well as other symptoms: nausea, vomiting and occasional attacks of vertigo. The headache was described as a sudden onset of generalized pain encompassing the entire brain without any apparent inciting event. The pain was felt to be worse at night and no epileptic episodes were noted prior to admission. The symptoms could not be relieved by rest, and the patient complained of generalized pain unaffected by physical activity or rest. No neurological deficits were observed on physical examination. After admission, the patient experienced a generalized tonic-clonic seizure, which lasted for about 1 min. He had a Grade IV weakness of the right extremities, a right partial paresthesia and a positive Babinski's sign on the right side. Computed tomography (CT) of the head from another local hospital showed an intracranial hemorrhage (ICH) of the left occipital lobe accompanied by subarachnoid hemorrhage (SAH) (Fig. 1a and b) . Furthermore, magnetic resonance imaging (MRI) and angiography (MRA) revealed an arteriovenous malformation (AVM) in the left posterior watershed area with accompanying ICH and SAH (Fig. 1c-e) . The patient was transferred to the neurosurgical department for Digital Subtraction Angiography (DSA) examination. An AVM of the left occipital-parietal lobe (4.1 cm × 4.5 cm in size) was observed on DSA, with feeding arteries originating from the middle cerebral artery (MCA) branch. The venous drainage was superficial to the superior sagittal sinus. An enlarged left posterior cerebral artery (PCA) was also observed on angiography with unremarkable distal findings ( Fig. 1f-k) .
Craniotomy of the left occipital-parietal lobe for the removal of the lesion and hematoma evacuation was performed under general anesthesia. During the surgical operation, several enlarged veins distal to the AVM contained blood draining to the superior sagittal and transverse sinus on the anterior surface of the occipital lobe (Fig. 1l) . Three major feeding arteries extending from the MCA, found beneath the lesion, anterior to the lateral fissure, were cauterized. During the operation, a hematoma was observed to be surrounding the lesion Fig. 1 These figures show the imaging feature of this young male patient. a-f CT and MRI, MRA scans show hematoma of the left occipital lobe, and enlarged vessels connected to the mass. g-k DSA and 3D-DSA manifestations of the "AVM" mass with feeding arteries and draining veins. l The intraoperative view of the darker vessels with enlarged draining veins laying on the surface of the brain surface. m and n The pathological manifestation of the mass on immuno-chemico-histological stains of both HMB45 and S-100 (the brown deposition demonstrated the existence of melanin). o and p The scattered and silent systematic dermatologic lesions of malignant melanoma that were discovered after surgery and was subsequently removed. Several smaller feeding arteries from the PCA were found after removing the lesion from the local brain tissue. After all the small feeders were isolated, the distal veins turned dark, and a significant reduction of the size of lesion was observed. The draining veins were then cauterized after the total resection of the lesion, which measured 5 cm × 4 cm × 4 cm in size. The postoperative course was uneventful. The patient had no complaints of neurological deficits, or epileptic episodes after admission, with no vision loss or motor dysfunction bilaterally. Laboratory results returned a decreased hemoglobin level (123 g/L compared to that of 140 g/L before surgery) and an increased white blood cell level (14 × 10 9 /L, neutrophil account for 86% compared to that of previous assessment 8.9 × 10 9 /L, neutrophil account for 66%). Pathological examination revealed a left leptomeningeal occipital-parietal melanoma that was visualized on immunohistochemistry staining (1:20, HMB45++, GFAP -, EMA +, CK -, Vim ++, S-100 ++) ( Fig. 1m and n) .
The initial diagnosis made in this case was AVM, as all of the patient's symptoms (age of onset, short period of sudden headache, only one episode of epilepsy recorded after admission), diagnostic imaging and surgical procedures identified with AVM. However, further immunohistochemistry findings confirmed that the mass was a melanoma of metastatic origin. Upon postoperative examination of the patient, it was noticed that the patient had two dark brown to black lesions, one on the dorsal surface of the right elbow, and another on the right buttock ( Fig. 1o and p) . The patient was unaware of these lesions and refused to undergo biopsy for verification.
No neurological deficits, dysfunction, vision loss or right sided paralysis was recorded at discharge. A month after discharge, the patient was followed up on the phone. The patient had been admitted to a community hospital for oliguria, and he denied further treatment because of his poor financial economic state and refused follow up thereafter.
Discussion
Malignant melanoma (MM) is one of the most common tumors that metastasize to the brain [1] , with nonspecific presentation as the other intracranial lesions [2, 3] . About 70.6% of melanoma patients had cerebral metastasis at younger than 65 years of age [4] . It is also one of the most common tumor types leading to intracranial hemorrhage [5, 6] and even multiple hemorrhages [2, [4] [5] [6] [7] . In addition to having a hemorrhagic presentation, MM may have three subtypes of imaging features on MRI: melanoma, non-melanoma and uncertain/mixed. Hemorrhage and solid melanoma accounted for approximately 70% of all intracranial melanomas [8, 9] . Based on the literature mentioned above, we concluded that MM tends to metastasize to the brain in the middle aged or younger population. MM most commonly presents as a solid, single/multiple lesion (s). It rarely presents as a vascular malformation. Meanwhile, ICH can occur within the tumor, and/or into the brain, with or without the presence of SAH.
The patient in this case presented with a sudden headache with typical signs and symptoms of ICH and SAH. The lesion originally identified, was misdiagnosed as an AVM until pathological examination confirmed otherwise. The lesion most likely metastasized from asymptomatic dermatologic lesions, which were discovered postoperatively. The patient refused to take dermatologic biopsy that makes this intracranial MM a probable metastatic melanoma. Even though melanoma of the central nervous system is often misdiagnosed, the misdiagnosis of metastatic melanoma for AVM is a rare occurrence [9] [10] [11] [12] [13] . Another case reported malignant melanoma metastasized into a pre-existing intracranial cavernoma with a hemorrhagic presentation [14] . A more recently published case reported recurrent choriocarcinoma of the testis metastasized to a pre-existing AVM of the left occipital lobe [15] . In the present case, although DSA suggested that the lesion most represented an AVM, we excluded the possibility of a preexisting AVM based on pathological examination, as the specimen showed no definite fibrous structure related to vessel formation.
Malignant metastatic melanoma, like other malignant neoplasms, may invade and localize to the vessels of the central nervous system, including areas such as the graywhite junction and the watershed area [16, 17] . As tumor-induced angiogenesis increases vascular permeability and disrupts the blood-brain barrier. It may result in morphological and functional changes to the vessels in the brain [17] . The theory could explain why intracranial metastasis leads to ICH. Additionally, this could further explain why the MM presented as an AVM in this case. AVMs of the central nervous system are relatively uncommon with a prevalence of <1% and an incidence of between 0.01 and 0.001%, and lead to acute intracranial hemorrhage (ICH) and seizure in middle-aged men (mean age at presentation was 33.7 years old) population [5, [18] [19] [20] . Given the patient's young age of 32 years, and the medical history supported by imaging, the diagnosis was more likely caused by stroke onset.
Options are limited for the treatment of MM of the brain. Standard treatment models include surgical resection of the tumor, whole brain radiotherapy, stereotactic radiosurgery and chemotherapy [5, 16, 17, 20] . The administered treatment is largely dependent on the size, number of lesions and the extracranial extension of the original lesions. Although there may be debate on whether to operate on a Grade 3 "AVM" or not, due to the risk of sacrificing the patient's vision, we chose surgery, for this case, as the patient came with suddenonset headache, which turned out to be due to tumor stroke. The visual cortex was well protected during operation and the patient's vision was intact postoperatively. We went back to analyze what led to the lack of awareness of a melanoma in this case. First of all, the lesion presented as an atypical melanoma with scattered yet asymptomatic dermatologic lesions. Secondly, the patient presented with signs of hemorrhage, which were shown by CT and MRI scan as well as an epileptic episode, suggestive of AVM rupture. Finally, the DSA examination demonstrated structural lesions representative of a typical AVM: feeding arteries with an abundant blood supply from both the MCA and PCA, as well as enlarged veins draining to superior sagittal and transverse sinuses, which we confirmed during the intraoperative course. In addition, we found that the hematoma of this lesion was significantly darker in color compared to a typical hematoma caused by AVM rupture. The hematoma was contained in vessel masses that were more morphologically similar to AVM thrombosis. These features may be helpful to distinguish the two lesions intraoperatively.
Conclusions
This case provides us with a good learning opportunity, which is to increase recognition and awareness of rare clinical presentations of malignant melanoma. The clinical presentation of metastatic intracranial melanoma may be atypical in nature. Such atypical presentations should be taken into consideration by attending physicians. Lastly, physicians should be more thorough and observant, by taking more comprehensive medical histories and by conducting more detailed physical examinations when approaching similar cases. 
